Introduction {#S0001}
============

According to the International Continence Society (ICS), idiopathic overactive bladder syndrome (OAB) is defined as urinary urgency, usually accompanied by frequency and nocturia, with or without urgency urinary incontinence, in the absence of urinary tract infection or other obvious pathology.[@CIT0001] OAB prevalence increases with age, affecting men and women similarly.[@CIT0002]--[@CIT0004] Its etiology is not well known but is probably multifactorial, and there is increasing evidence for an association between OAB and cardiovascular risk factors, such as metabolic syndrome (MetS), smoking, and sedentary lifestyle. Additionally, clinical and experimental studies have assessed the effects of chronic bladder ischemia secondary to atherosclerosis in the etiology of OAB.[@CIT0003]--[@CIT0008]

Atherosclerosis causes occlusion of major arteries and smaller branches, which can impair the perfusion of multiple organs, including the urinary bladder.[@CIT0002] Hypoxia-induced oxidative stress has been related to neural dysfunction and increased collagen content in the bladder wall.[@CIT0009],[@CIT0010]

Inaba et al demonstrated that cardiovascular risk factors are associated with increased intima-media thickness (IMT) of the common carotid artery on vascular ultrasound.[@CIT0011] Measures of common carotid artery (CCA) subclinical atherosclerosis, such as intima-media thickness (IMT), adventitial diameter (AD), and carotid plaque (CP), are clinically important predictors of future CVD events. CP, which can also be effectively detected by vascular ultrasound, is a manifestation of atherosclerosis and appears to be a stronger cardiovascular risk predictor in comparison to IMT measurements alone.[@CIT0012],[@CIT0013]

MetS is regarded as a marker of higher cardiovascular risk. However, the relationship between carotid artery changes, which can be evaluated by distinct ultrasound parameters, and OAB symptoms in women with MeTS has not been properly investigated so far. On the other hand, although women with MeTS have a higher prevalence of OAB, not all will develop such syndrome. In this context, patient phenotyping may play a role in future preventive strategies.

This study aimed to evaluate the association between increased intima-media thickness (IMT) and atherosclerotic CP with idiopathic OAB in women with MetS.

Materials and Methods {#S0002}
=====================

Study Design {#S0002-S2001}
------------

This cross-sectional study was performed at a reference center (University Hospital) between April and December 2016 after receiving approval from local ethics committee (Research Ethics Committee of Universidade Estadual de Londrina protocol 1252631). The study was performed in accordance with the Declaration of Helsinki and informed consent was obtained from all included patients. Women aged 40--75 years diagnosed with MetS, and treated at a specialized outpatient clinic for endocrinology and vascular surgery, were prospectively enrolled.

MetS was defined according to the NCEP-ATP III criteria.[@CIT0014] At least three of the following five factors were needed to establish the diagnosis of MetS: 1) fasting glucose ≥ 100 mg/dL or use of medication for glucose intolerance; 2) blood pressure ≥ 130/85 mmHg or use of medication for arterial hypertension (AH); 3) high-density lipoprotein cholesterol level \< 50 mg/dL; 4) triglycerides ≥ 150 mg/dL or use of medication for hypertriglyceridemia; and 5) abdominal obesity (abdominal circumference \> 88 cm).

At admission, a comprehensive urological and urogynecological history was taken, pelvic examination was performed, and urinary infections were ruled out. Exclusion criteria included: diagnosis of or previous treatment for lower urinary tract disease; pelvic organ prolapse; use of drugs affecting the lower urinary tract, including alpha blockers, β3-adrenoceptor agonist, antimuscarinics (and medications with anticholinergic burden, such as tricyclic antidepressants, antihistamines, antiparkinsonism drugs, antipsychotics); psychiatric disorders; neurological disease; atherosclerotic disease with hemodynamic repercussion in the aortoiliac territory.

The "Overactive Bladder-Validated 8-question Screener" (OAB-V8) was used to estimate the prevalence of OAB symptoms, which were defined by a score ≥8 points.[@CIT0015]

Carotid Artery Ultrasound {#S0002-S2002}
-------------------------

Eligible patients were referred for carotid artery ultrasound. No patients declined study and no patient was withdrawn from protocol. A single trained researcher (specialized radiologist), who was blinded for patient's previous clinical assessments, performed all ultrasound examinations. Vascular ultrasound was carried out in compliance with international guidelines, using a high-frequency linear transducer (12 MHz) with Doppler color imaging (Esaote MyLab™ 50).[@CIT0016],[@CIT0017] Ultrasound characterization of the IMT was performed with the blood vessel in a longitudinal section and the walls aligned to form a double-line pattern with lumen-intima and tunica media-adventitia interfaces. The point for measurement of the carotid artery was 2 cm proximal to the bifurcation. The distance between the two acoustic interfaces in the posterior wall of the distal third of the common carotid artery was considered the IMT measurement in centimeters. Ultrasound assessments were performed bilaterally and repeated twice for determination of mean values, which were then compared to reference values.[@CIT0016]--[@CIT0018]

Atherosclerosis was defined by identification of CP during ultrasound, which was diagnosed according to the North American Symptomatic Carotid Endarterectomy Trial (NASCET) method and Mannheim carotid intima-media thickness and plaque consensus, as a focal structure that encroaches into the arterial lumen of at least 0.5 mm and/or measuring \>50% of the value of the adjacent IMT measurement and/or an IMT measurement \> 1.5 mm.[@CIT0016]--[@CIT0018] Degree of carotid stenosis was defined by color duplex with Doppler frequency shift and B-mode imaging, according to international guidelines.[@CIT0016]--[@CIT0018]

Statistical Analysis {#S0002-S2003}
--------------------

MedCalc for Windows version 9.5.2.0 (MedCalc Software, Mariakerke, Belgium) was used and analysis was performed considering p \<0.05 as statistically significant and with 95% confidence interval (CI). Differences between the two groups (OAB V8 ≥ 8 or OAB V8 \< 8) were evaluated by the *t*-test for independent samples and by the test of Chi-square for categorical variables. For dichotomous categorical variables, the prevalence ratio and the CI were also calculated.

A multivariate logistic regression analysis model was used to assess the association of different variables (age, IMT, degree of carotid stenosis and presence of the CP) with OAB symptoms. As a method for selecting the variables, stepwise regression was used, considering p \<0.05 as significant, and removing the model variable when p\> 0.20.

Results {#S0003}
=======

From April 2016 to December 2016, 45 consecutive patients were included. Mean age was 60±9.3 years (range 40--75 ys). Eighteen (40%) patients were diagnosed with OAB (OAB V8 ≥ 8). There was no difference between groups with or without OAB in terms of baseline characteristics, including age, BMI, comorbidities, cardiovascular risk factors and distribution of individual components of MetS ([Table 1](#T0001){ref-type="table"}).Table 1Baseline Patient Characteristics and Stratification According to OAB V8 Score^a^VariableTotalOAB V8 ≥ 8OAB V8 \< 8P valuen=45 (100%)n=18 (40%)n=27 (60%)**Age (years)**Mean (SD)58.47 (7.71)60.61 (9.33)57.04 (6.21)0.12\***BMI (kg/m^2^)**Mean (SD)34.69 (6.16)34.63 (5.90)34.72 (6.43)0.96\***AC (cm)**Mean (SD)109.74 (13.39)108.25 (11.03)110.74 (14.88)0.54\***AMI/RM**Yes4 (9.11%)1 (25.00%)3 (75.00%)0.91\*\*No41 (88.89%)17 (41.46%)24 (58.54%)**AH**Yes42 (93.33%)17 (40.48%)25 (59.52%)0.71\*\*No3 (6.67%)1 (33.33%)2 (66.67%)**DM**Yes34 (75.56%)11 (32.35%)23 (67.65%)0.13\*\*No11 (24.44%)7 (63.64%)4 (36.36%)**Smoking**Yes6 (13.33%)2 (33.33%)4 (66.67%)0.92\*\*No39 (86.67%)16 (41.03%)23 (58.97%)**Dyslipidemia**Yes41 (88.89%)16 (39.02%)25 (60.98%)0.91\*\*No4 (9.11%)2 (50.00%)2 (50.00%)[^1]

IMT in the general population was 0.72 mm (SD = 0.20). Degree of carotid stenosis (%) in OAB patients showed higher medians, than those without OAB (p = 0.02). Overall prevalence of atherosclerosis, defined by the presence of the CP, was 51%. OAB prevalence among women with atherosclerosis was higher than in those without atherosclerosis (56.52% versus 22.73%), with a prevalence ratio of 2.49 (p=0.04). The multivariate analysis confirmed these results (odds ratio = 4.42; 95% CI = 1.21--16.11; p = 0.02).

Ultrasound findings are presented in [Table 2](#T0002){ref-type="table"}.Table 2Carotid Artery Ultrasound Findings Stratified According to the OAB V8 Score^a^VariableTotalOAB V8 ≥ 8OAB V8 \< 8p valuen=45 (100%)n=18 (40%)n=27 (60%)IMT (mm)Mean (SD)0.72 (0.20)0.76 (0.22)0.68 (0.18)p = 0.19\*Stenosis (%)Mean (SD)14.04 (15.79)20.28 (15.62)9.89 (14.75)p = 0.02\*\*CPYes (51.11%)23 (51.11%)13 (56.52%)10 (43.48%)p = 0.04\*\*\*\
PR = 2.49\
CI = 1.06--5.82No (48.89%)22 (48.89%)5 (22.73%)17 (77.27%)[^2]

Discussion {#S0004}
==========

This pilot study demonstrated an association between carotid artery ultrasound findings and OAB symptoms among patients with MetS. A statistically significant association has been found between OAB (determined by an OAB-V8 score ≥ 8 points) and carotid artery atherosclerosis.

A few studies have previously evaluated the association between carotid artery ultrasound findings and OAB. Yeniel et al assessed women with OAB *vs* controls and demonstrated a link between carotid and femoral artery intima-media thickness, OAB severity, and impaired vascular bladder perfusion.[@CIT0009] Uzun et al carried out a cross-sectional study to investigate carotid artery IMT in patients with LUTS/OAB.[@CIT0019] AH, diabetes mellitus (DM), and CVD were exclusion criteria. Patients with LUTS had a significantly higher IMT than controls. Similarly, Takahashi et al and Azab evaluated non-diabetic men with LUTS and divided them into groups with and without atherosclerosis.[@CIT0020],[@CIT0021] Both identified an association between atherosclerotic disease and bladder dysfunction. Additionally, Lee et al demonstrated that the presence of CP in men was associated both with LUTS and erectile dysfunction.[@CIT0022]

Our research was different from previously published studies and had several strengths. Firstly, we have only included women with a MetS diagnosis according to the NCEP-ATP III criteria, opposed to previous studies, which excluded patients with DM.[@CIT0019]--[@CIT0021] Identification of patients with MetS is particularly relevant, since it is regarded as a strong risk factor for cardiovascular outcomes. Another important point was the use of plaque definitions recommended by Mannheim Carotid Intima-Media Thickness and Plaque Consensus.[@CIT0020]--[@CIT0022] Our study followed this consensus statement, which precisely establishes the difference between IMT and CP, homogenizing the criteria, facilitating data collection, interpretation, and comparing study results.[@CIT0017] In contrast to this, previous studies did not evaluate several atherosclerotic ultrasound parameters, sometimes limiting their analysis to IMT.[@CIT0019]

There is a growing recognition of atherosclerotic plaque as a relevant finding, since plaque stability and vulnerability (eg, intraplaque hemorrhage, plaque ulceration, or fissuring) are more important than degree of stenosis in determining the risk of complications.[@CIT0023] With a rigorous ultrasound methodology, our proof-of-concept study suggests that CP is associated with OAB symptoms in patients with MetS. Thus, our findings add new insights to the current literature, showing that the presence of CP (and not just intimal stenosis) is related to OAB. Thickening of the carotid wall is not synonymous with atherosclerosis, but it represents a subclinical vascular disease and is considered a marker of cardiovascular disease (CVD), which remains the most common cause of mortality in women worldwide. Subclinical atherosclerosis is intimately related to the onset of clinically apparent CVD and to CVD mortality, typically preceding the occurrence of clinical CVD by years to decades.[@CIT0012],[@CIT0024] Since stroke is a leading cause of death among women, any clinical factors that could help identify patients at increased risk are relevant and may allow early treatment and preventive measures.[@CIT0025]

Pelvic arterial insufficiency may play an important role in the development of bladder dysfunctions such as OAB syndrome. Experimental models of pelvic arterial insufficiency resulted in ischemic conditions, which led to reduced bladder wall oxygen tension, increased oxidative stress and were associated with upregulation of oxidative stress-sensitive genes, muscarinic receptor over-reactivity, ultrastructural damage, and neurodegeneration.[@CIT0005] Clinical assessment of atherosclerosis and endothelial dysfunction may be of relevance for future research initiatives, in order to check if a drug may prevent progression of ischemia-related functional and morphological bladder changes.[@CIT0005] More recently, it has been suggested that there are distinct subtypes of OAB and that identification of such phenotypes may lead to a personalized approach to therapy.[@CIT0026],[@CIT0027] This strategy may translate into refined treatment decision-making and better outcomes in the near future,[@CIT0027] for example, antimuscarinics, and botulinum toxin, have been demonstrated to be less effective in patients with metabolic syndrome, or at least less effective than in other patient populations. In contrast, the beta-3 adrenoreceptor agonist mirabegron, which has been described initially as an antiobesity drug, was found to be equally active in both obese and nonobese OAB patients.[@CIT0027] Besides overactive bladder syndrome, beta-3 agonists may impact metabolic disease, insulin sensitivity, and triglyceride clearance.[@CIT0005]

Personalizing the care of patients of MetS with OAB makes sense in a way that these patients can be motivated for lifestyle changes to alter modifiable risk factors. Previous studies suggested that vascular risk factors play a role in the development of LUTS in both sexes, with a negative impact on quality of life.[@CIT0028],[@CIT0029] Based on our pilot study findings, one could propose that women with Mets and carotid ultrasound abnormalities, but still without OAB symptoms, should be advised about the possible risk of developing lower urinary tract symptoms, strengthening the importance of behavioral changes. Logically, these findings are of explorative nature and need further validation.

Although our study protocol had strict inclusion criteria and followed international guidelines on carotid ultrasound assessments, our sample size was small (pilot study). Further research is still needed to confirm the association between carotid ultrasound abnormalities and OAB, as well as the relationship with visceral adiposity, hormonal status[@CIT0030] and the implications in terms of future cardiovascular events among women with MetS.

Conclusions {#S0005}
===========

In this cohort of female patients with MetS, there was an association between carotid atherosclerosis and OAB. Identification of carotid ultrasound abnormalities may lead to a refined treatment decision-making among OAB patients.
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[^1]: **Notes:** ^a^For dichotomous variables (yes/no), percentages are provided in parentheses in each of the three columns (total population, OAB V8 ≥ 8, OAB V8 \< 8). \**T* Test and \*\*Chi-square test.

    **Abbreviations:** OAB, idiopathic overactive bladder syndrome; OAB-V8, Overactive Bladder-Validated 8-Question Screener; BMI, body mass index; AC, abdominal circumference; AMI/RM, acute myocardial infarction/revascularization of the myocardium; AH, arterial hypertension; DM, diabetes mellitus.

[^2]: **Notes:** ^a^For the dichotomous variable Carotid plaque (yes/no), percentages are provided in parentheses in each of the three columns (total population, OAB V8 ≥ 8, OAB V8 \< 8). \**T* Test; \*\*Mann--Whitney *U*-Test; \*\*\*Chi-square Test.

    **Abbreviations:** OAB-V8, Overactive Bladder-Validated 8-Question Screener; IMT, Intima-media thickness; CP, carotid plaque; SD, standard deviation; IR, interquartile range; PR, prevalence ratio; CI, confidence interval.
